Study Objectives: Obstructive sleep apnea (OSA) is a common health problem that is not adequately managed because of the low percentage of patients that receive the appropriate diagnosis. The multidisciplinary nature of sleep disorders mean that those other than physicians (including dentists) could aid in the identification of patients at risk for OSA. This study aimed at investigating the frequency and the association of tooth wear in patients with OSA.
INTRODUCTION
Obstructive sleep apnea (OSA) is characterized by episodes of complete and/or partial collapse of the upper airway accompanied by a decrease in oxygen saturation. These events provoke temporal arousal and sleep fragmentation that lead to nonreparative sleep. 1, 2 The repeated oxygen desaturation and saturation provokes endocrine and metabolic disturbances that increase the risk of systemic complications. 3, 4 Many studies have established OSA as a risk factor for arterial hypertension and cardiovascular and cerebrovascular complications. 3, [5] [6] [7] [8] OSA has also been related to traffic accidents, and a higher mortality has been reported among patients with OSA. 9, 10 Despite these consequences, OSA is still not adequately managed. It has been estimated that only 10% of the population with OSA receive a diagnosis and undergo treatment. 11 Furthermore, it is estimated that more than 20% of patients have an apnea-hypopnea index (AHI) higher than 5, and 2% to 8% have severe OSA. 2, 5 The prevalence of OSA has been reported to be 3.1% to 7.5% in men and 1.2% to 3.2% in women. 12 These statistics make the establishment of clinical markers to detect OSA, and the need to perform a sleep study on those found likely to be diagnosed with OSA necessary.
Several studies have investigated the association between sleep bruxism and OSA [13] [14] [15] [16] ; however, conclusive evidence is still lacking. 17, 18 The definitive diagnosis of bruxism is made by polysomnography. 19 Polysomnography is expensive, time consuming, and has been associated with the risk of the misdiagnosis of the absence of bruxism. 18 Moreover, patients who are suspected of having OSA may have had previous episodes of bruxism that they would not demonstrate in one night of polysomnography testing. In practice, the presence of clinical signs of occlusal wear patterns on natural teeth or restorative materials is frequently used by dentists to diagnose bruxism. All of these issues would justify the assessment of the association between tooth wear and OSA. The diagnosis of tooth wear is immediate, less expensive than polysomnography, and is made by the inspection of the tooth surface. 20 Moreover, a significant correlation between the clench index and AHI has been established. 21 Recently, an association between tooth wear and OSA has been reported. 20 However, this study was limited by a small sample size and lack of a control group to evaluate the confounding factors that could affect the association between tooth wear and OSA. The main objectives of the current study were (1) investigate the frequency of tooth wear in patients with OSA, (2) test the association between them, and (3) identify possible confounding factors. Patients who had undergone a sleep study were recruited and their grade of tooth wear was assessed. The null hypothesis was that there is no association between tooth wear and OSA. To achieve a blinded evaluation, the dentist responsible for tooth wear assessment was a prosthodontist and had no opportunity to see the results of the sleep study. The sleep technician was not aware of the presence/absence of tooth wear when analyzing the sleep recordings.
Tooth Wear Assessment
The dentist evaluated the patient's dentition for type and severity of tooth wear. Intraoral radiographs, clinical photographs, and cast models were examined. The severity of the tooth wear was then classified as 22 : • Mild: the loss of tooth substance was limited to the enamel • Moderate: the loss of tooth substance extended to the dentin and was not limited to the occlusal/incisal surface but limited to less than one-third of the tooth (shortening of the tooth height) • Severe: extensive wear of the dentin was observed and it affected more than one-third of the tooth Tooth wear was also classified into abrasion, attrition, and erosion. Abrasion means that the cause of tooth wear was exogenous objects and substances. 23 Attrition occurs when the cause was tooth-tooth contact. 23 Erosion occurs when the cause was chemical action not involving bacteria.
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Sleep Study
The weight and height of each patient were obtained. The body mass index (BMI) was calculated by dividing the body weight in kilograms by the body height in meters squared.
A validated respiratory polygraphy (BTI APNiA, BTI Biotechnology Institute, Vitoria, Spain) was employed to perform the sleep study at the patient's home. 25 This respiratory polygraphy is a type III home sleep monitoring device. The device measured the nasal air flow with a probe connected to a transducer and the oxygen saturation with cutaneous pulse oximetry via a finger probe (model 7000A and Modl XPOD 3012LP; Nonin Medical; Plymouth, Minnesota, United States). All sleep studies were analyzed automatically by BTI-APNiA according to the criteria of the American Academy of Sleep Medicine. 26, 27 The sleep analysis was controlled by a sleep technician and was supervised by a sleep medicine specialist. The minimum time of recording was 6 hours and the minimum time of sleep was 180 minutes. The following definition of the respiratory variables were used:
• Apnea: a drop in the respiratory signal of more than 90% during a minimum of 10 seconds • Hypopnea: a drop in the respiratory signal between 30% and 90%, accompanied by a drop in oxygen saturation ≥ 3% and/or arousal
Statistical Analysis
Quantitative data were described by the calculation of the mean and standard deviation. Continuous variables were expressed by mean ± typical deviation and were compared with analysis of variance or Kruskal-Wallis test according to the results of the normality test (Shapiro-Wilk). The patients with AHI < 5 served as a control group. Qualitative variables were expressed in number of events and were compared with the χ 2 test. The frequency of qualitative variables was also calculated. The association between severity of OSA, tooth wear, and confounders (age, sex, BMI) was evaluated using Spearman correlation test. Only factors with significant association with tooth wear and OSA were then introduced in a linear regression analysis to evaluate the collinearity of variables. Then a multiple regression analysis was performed to test the effect of OSA severity, sex, age, and BMI on the severity of tooth wear. Statistical analysis was performed using SPSS 15.0 (SPSS Inc.; IBM). Statistical significance was set at P < .05.
RESULTS
One hundred seventy-one records were retrospectively reviewed. A total of 99 patients were included in the analysis; 72 patients did not meet the inclusion criteria or had at least one of the exclusion criteria. Tooth wear could not be evaluated in 15 patients, teeth were restored in 23, partial edentulism with free distal end and absence of posterior tooth contact were observed in 7, presence of fewer than 8 teeth per arch in 10, complete edentulism was observed in 1, crossbite/deep overbite was observed in 4 patients, no tooth contact in 1 patient, and teeth with wear having as antagonists a rehabilitated tooth was observed in 11.
The baseline demographic characteristics of the patients are shown in Table 1 . There were 46.5% of the patients who were males, and the mean ± standard deviation age was 54 ± 11 years. The mean BMI indicated the presence of overweight subjects among the study group. Using AHI to classify OSA indicated that 31 patients had no OSA (AHI < 5) (control group), 34 had mild OSA (5 ≤ AHI < 15), 21 had moderate OSA (15 ≤ AHI < 30), and 13 had severe OSA (AHI ≥ 30). The parameters that described oxygen saturation worsened as the severity of OSA increased. The fraction of patients with arterial hypertension was significantly higher in patients with severe OSA than in the control group. Figure 1 shows mild, moderate, and severe tooth wear. The tabulation of the data according to the severity of tooth wear is shown in Table 2 . There was a proportional relationship between the severity of tooth wear and the value of the AHI. The AHI was 29.6 ± 13.0 for patients with severe tooth wear in comparison with 4.7 ± 3.0 for those with mild tooth wear. The analysis of variance indicated that these differences were statistically significant (P = .000). Patients were older as tooth wear increased. The percentage of males in the group was greater as tooth wear increased.
Tooth attrition was the main cause of tooth wear in most of the patients. Three patients with moderate tooth wear had tooth abrasion, in another two both attrition and abrasion coexisted, and in one patient both attrition and erosion were identified. Tooth attrition was observed in all patients with severe tooth wear and tooth erosion was additionally observed in two patients.
The tabulation of patients according to the severity of tooth wear and the severity of OSA is shown in Table 3 . Of the control group, 74.2% had moderate tooth wear, but no individuals in the control group had severe tooth wear. As the severity of OSA increased the number of patients with severe tooth wear increased. More than 28% and 61% of patients with moderate and severe OSA, respectively, had severe tooth wear. Spearman correlation indicated the presence of a statistically significant association between the two variables (coefficient = .532; P = .000) (Figure 2) . To test the influence of age, sex, and BMI in this association a linear regression analysis was first performed to evaluate the collinearity between variables. The values of variance inflation factor were all less than 3 and a multiple regression analysis was performed. The results indicated that only age (P = .007) and severity of OSA (P = .021) had a significant effect on the severity of tooth wear (Cox and Snell pseudo R 2 = .513). In the currently study, tooth wear was classified as mild (A), moderate (B), and severe (C).
OSA and Tooth Wear-Anitua et al.
DISCUSSION
The results of this study support the rejection of the null hypothesis. The severity of tooth wear is significantly correlated with the severity of OSA. This is in accordance with the previously published data by Duran-Cantolla and coworkers. 20 All patients in the control group had mild to moderate tooth wear, whereas patients with more severe OSA had more severe tooth wear. All patients with severe tooth wear had OSA.
The results of the multiple regression analysis identify age as a variable that significantly affected the association between tooth wear and OSA. This has a few possible explanations. It has been found that sleep fragmentation also results in altered sympathetic activity and psychological alterations (mood changes). 28 Altered sympathetic activity can increase the chance of masticatory muscle contraction and the risk of occlusal overloading. 28 Given that arousals precipitate sleep fragmentation, and that arousals are increasingly frequent in older people, a line could be drawn connecting sleep fragmentation and tooth wear. Tooth contact occurring in association with arousals has been more frequently observed in patients with tooth grinding than those without tooth grinding, 29 and in patients with occlusal wear, a prolongation of occlusion time has also been observed. 30 A second explanation may be that tonic masticatory muscle activity was frequently found at the conclusion of apneic events. [31] [32] [33] Interestingly, a significant correlation between the clench index and AHI was found. 21 Phillips et al. concluded that the sleep arousal or disturbances caused by sleep apnea was related to parafunctional activities. 21 Third, it is known that the prevalence of both tooth wear and OSA increase with age. 5, 34 Pigno et al. have reported that tooth wear has been greater in patients reporting teeth grinding/clenching. 35 Several studies have investigated the association between sleep bruxism and OSA [14] [15] [16] ; however, conclusive evidence is still lacking. 17, 18, 32 Bruxism is a factor that could be associated with tooth wear, 36 although in a 2011 study it was concluded that the overall significance of bruxism as a causative factor of tooth wear is not fully known. 37 Tooth wear could lead to changes in the height of the lower face that could affect the patency of the upper airway. In a recent study, Sanders et al. reported that tooth loss could be an independent risk factor for OSA. 38 The loss of teeth would provoke changes that could compromise the patency of the upper airway. These changes include the horizontal and vertical atrophy of the alveolar process, the reduction in the vertical dimension of the occlusion, the upward rotation of the mandible, and the posterior positioning of the tongue at rest. [39] [40] [41] [42] Along with the evaluation of the degree of tooth wear, the type of tooth substance loss (attrition, abrasion, erosion, or abfraction) was also evaluated. We found only three patients with signs of tooth erosion. Tooth wear and erosion can become more severe when sleep-related gastroesophageal reflux is comorbid with sleep bruxism. 43 This prompted the analysis of the effect of gastroesophageal reflux disease (GERD) on the association between the severity of tooth wear and the severity of OSA. GERD is considered one of the most common chronic diseases in adults and its relation to OSA has received attention. 44, 45 In one cohort study, the prevalence of GERD was significantly increased in patients with primary snoring and OSA, but the severity of OSA did not influence GERD prevalence. 44 The authors concluded that OSA was not likely a causative factor for GERD. In another study, the complicating hiatal hernia was suggested to link reflux esophagitis to OSA. 46 Yang and coworkers concluded that in patients with coexisting GERD and OSA, both awakening and arousal preceded gastroesophageal reflux events, but gastroesophageal reflux does not appear to precipitate sleep-related events. 47 The role of consumption of soft drinks on tooth wear could not be assessed due to the retrospective nature of the study.
The diagnosis of tooth wear is immediate, inexpensive, and can be made based on the clinical examination of tooth surfaces. These characteristics make tooth wear a good potential identifier of patients at risk of having OSA. The involvement of more medical professionals in identifying patients who are likely to have OSA would aid in the early diagnosis of the disease and minimize the effect of its consequences. However, scientific evidence solidifying the association between tooth wear and OSA is still needed. We encourage research groups to further investigate this association and to help establish definitive conclusions.
This study is affected by the limitation of retrospective design, in which the dependency on the availability and accuracy of medical/dental records could not be excluded. It is difficult to control bias and confounders, although the dentist who evaluated tooth wear was not aware of the results of the sleep study. Another limitation is that the method of assessing tooth wear severity is subjective. However, it is a simple assessment that all dentists can adequately provide. In the current study, the combination of study models and clinical photographs permitted the evaluation of tooth wear. In future prospective studies, intraoral inspection should be included. The 32 patients with AHI < 5 served as controls to compare the results of patients with OSA. A selection bias could not be ruled out as patients were selected from those who underwent a sleep study. This means that there was a need for a sleep study from the point of view of a specialist in sleep medicine.
We think these outcomes justify the performance of prospective and controlled clinical studies to evaluate the association between tooth wear and OSA and to identify confounders that may influence this association. The results of the current study would be helpful in calculating the sample size of prospective and controlled clinical studies.
CONCLUSIONS
Tooth wear is significantly affected by the severity of OSA. Tooth wear severity may be an indicator of the presence of OSA. There is a need for more scientific evidence to further explore this relationship.
